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1
METHOD OF TILING ANALOG CIRCUITS

FIELD OF THE INVENTION

The present invention relates to a method of tiling an
integrated circuit. More particularly, the invention relates to
methods for identifying areas of density failure in an inte-
grated circuit and directing placement of tiles so as to
improve the density in those areas of failure.

BACKGROUND OF THE INVENTION

A polishing technique is often used to planarize surfaces
of an integrated circuit device during the various stages of
the device’s fabrication. Chemical Mechanical Polishing
(CMP) is a typical procedure that involves combinations of
chemical and mechanical process steps to affect planariza-
tion.

The degree of planarization achieved by CMP can be
affected by the density and uniformity of individual metallic
components in a surface to be polished. A more uniform
metal density assists in achieving a good polishing. Thus,
various design and manufacturing processes have developed
density parameters for metal. In order to improve metallic
density on a surface or layer of a chip, it is known to insert
dummy tiles. A dummy tile is essentially a metallic tile or
piece which is placed on a surface or layer of an integrated
circuit. Dummy tiles can be strategically placed on a surface,
to improve density, and thereby improve polishing.

The performance of certain device components can be
adversely affected if, for example, metal is placed above
them or non-symmetrically around them. The potential for
an adverse affect from metallic tiles is particularly present
when the device components are required to match closely
as is the case with some transistor shapes. Thus, for example,
previous designs have opted not to place dummy tiles above
certain components such as transistors and resistors. In
particular, the performance of those components that have
matched structures may be degraded if a metal tile is
improperly placed above the component. If not positioned
symmetrically with respect to each component piece, a
metal tile may induce a mismatch and/or a parasitic capaci-
tance. Nevertheless, certain devices are so large that the area
above them, if left untiled, will lead to insufficient metal
density.

Additionally, as the design of integrated circuits becomes
increasingly complex, it is desired to provide for a tiling
design in an automated procedure. In complex devices
having small gate dimensions, an integrated circuit may
contain numerous transistors in a variety of locations. The
metallic density around each transistor may be different. The
tiling design thus involves numerous and tedious calcula-
tions.

Additionally, it is desired that a tiling design technique
around transistors be suitable for use with whatever metals
are being used in other areas of the integrated circuit. The
method should also be suitable for use with copper. Finally,
the design technique should be suitable for use with current
manufacturing methods used in tiling steps.

Accordingly, it is desirable to develop a new method of
tiling analog circuits that yields improved results and is
relatively inexpensive to use. It would be desirable to
develop a system and method for improving the metallic
density in layers above matched circuit components such as
transistors. It would also be desirable that any process that
attempts to provide metallic tiling around such a transistor
be an automated process that takes into account the volume
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of calculations to be done. By virtue of the foregoing, it
would further be desirable to develop a new tiling method
that allows for improved CMP planarization around transis-
tors. Still further it would be advantageous if the new tiling
method were compatible with existing processing equip-
ment and materials that is used in semiconductor manufac-
turing processes. Other desirable features and characteristics
of the present invention will become apparent from the
subsequent detailed description of the invention and the
appended claims, taken in conjunction with the accompa-
nying drawings and this background of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements, and wherein

FIG. 1 is a partial cross-sectional view of an integrated
circuit showing the placement of dummy tiles according to
an embodiment of the present invention;

FIG. 2 is a top view of the integrated circuit of FIG. 1
showing the placement of a metal strip over a critically
matched device according to the embodiment of the present
invention; and

FIG. 3 is a flow diagram showing steps in a method to
identify and place metal strips over a critically matched
device according to the embodiment of the present inven-
tion;

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The following detailed description of the invention is
merely exemplary in nature and is not intended to limit the
invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory
presented in the preceding background of the invention or
the following detailed description of the invention.

There is shown in FIG. 1 a cross-sectional view of a
portion of an integrated circuit 10. Integrated circuit 10 may
be included in a chip having multiple such integrated
circuits. Included within this portion of the integrated circuit
10 is critically matched device 11 which itself may include
multiple components as described further herein. Integrated
circuit 10 includes multiple layers such as first layer 12,
second layer 13, etc. through top layer 17. A number of
layers different from that shown is possible. Disposed within
each layer are dummy tiles 18. Integrated circuit 10 also may
include a silicon matrix material 19 and an SiO, matrix
material 20. As represented, silicon matrix material 19 forms
a substrate or base layer while SiO, matrix material 20 forms
layers 12 through 17 positioned above the silicon matrix
material 19. While silicon and SiO, matrix materials are
indicated in the figure, it will be understood that other matrix
materials may be used in the fabrication of the integrated
circuit 10. Silicon and SiO, matrix materials are, however,
typical of the matrix materials that may be used in an analog
type integrated circuit.

Dummy tiles 18 preferably comprise pieces of metallic or
other filler material. Dummy tiles 18 are placed in layers
12-17 in order to assist with metallic density. The placement
and quantity of dummy tiles 18 are typically determined at
the end of the design and development of an integrated
circuit. During manufacturing, dummy tiles 18 are placed in
each successive layer 12-17, as these layers are built up.
Dummy tiles 18 assist in improving the metallic density of
integrated circuit 10 so that the effectiveness of CMP
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operations during manufacturing may be improved. It is
generally important for precision analog circuit performance
that dummy tiles 18 be placed within integrated circuit 10 so
as to minimize and balance associated parasitic capaci-
tances. Thus, dummy tiles 18 are spaced, sometimes at
minimum distances, from each other. Additionally, dummy
tiles 18 are spaced, again sometimes at minimum distances,
as limited and determined by a minimum allowable parasitic
capacitance from circuit devices and components. With
respect to a critically matched device 11, the prior art teaches
that dummy tiles 18 not be placed in those positions above
the critically matched device 11 lest the device performance
be adversely affected. Known methods for placement of
dummy tiles are referred to as “rule based” or “model based”
placement processes. Dummy tiles 18 may be fabricated of
a number of different kinds of metallic materials, including
coppet.

As illustrated in the embodiment of FIG. 1, critically
matched device 11 comprises a pair of transistors. Thus,
critically matched device 11 includes a first transistor 21 and
second transistor 22. Further, critically matched device 11
includes first gate 23 and second gate 24. First gate 23 and
second gate 24 are positioned in the gate layer 12, the layer
that includes these gates. Shared source 25 is positioned
between first gate 23 and second gate 24. First drain 26 is
connected to first gate 23, and second drain 27 is connected
to second gate 24. The area between first gate 23 and second
gate 24 is area of symmetry 28. Also shown in FIG. 1 are
metal strips 29 positioned in the area of symmetry 28 above
the gate layer 12. A metal strip 29 is place in each layer
13-17 above the gate layer 12.

Referring now to FIG. 2, there is shown a top view of
integrated circuit 10. Many of the features that appeared in
integrated circuit 10, as illustrated in FIG. 1, also appear in
FIG. 2 from the top perspective. Dummy tiles 18 are again
shown as positioned in areas that symmetrically surround
critically matched device 11. Each dummy tile 18 is posi-
tioned some minimum lateral distance from a neighboring
dummy tile as well as some minimum lateral distance from
critically matched device 11. FIG. 2, however, only illus-
trates the top layer of dummy tiles 18 as lower layers of tiles
are overlapped by the top layer of tiles because tiles in
different layers are placed in the same lateral positions. In
other embodiments, dummy tiles 18 in different layers 12-17
need not overlap each other. From the perspective of FIG. 2
metal strip 29 is again shown as positioned over the area of
symmetry 28 such that metal strip 29 does not overlie either
first gate 23 or second gate 24. The metal strips in layers
12-16 preferably lie underneath the metal strip 29 positioned
in top layer 17. Preferably, metal strips 29 are positioned so
that they are symmetrically positioned with respect to first
gate 23 and second gate 24.

Metal strips 29 are comprised of any material that may
also serve as a material for dummy tiles 18, such as for
example copper and other metals. The purpose of metal
strips 29 is also similar to that of dummy tiles 18. The
presence of metal strips 29 over a critically matched device
11 assists with CMP in that area. Metal strips 29 increase
metal density in areas where dummy tiles 18 could not be
placed, thus improving CMP processing in that arca. Metal
strips 29 are preferably placed over area of symmetry 28 so
as to be symmetric with respect to first gate 23 and second
gate 24. By so positioning metal strips 29, capacitance is
minimized. Given the relatively narrow area defined by area
of symmetry 28, metal strips 29 may take on a narrow and
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elongated shape, a strip-like shape. Thus, metal strips 29
serve to allow an incremental improvement in regional metal
density.

Having described the invention from a structural stand-
point, a method and manner of using the invention will now
be described.

Referring now to FIG. 3 there is shown a flow diagram
illustrating steps in a method to place metal strips over
critically matched devices. The process begins with step 30,
identifying the critically matched devices.

Following this, in step 31, the process calculates an
allowable metal spacing. Metal spacing is shown as 55 in
FIG. 1. Metal spacing 55 represents a minimum radial
distance between a source and/or drain of a transistor and a
proximate metal tile. The calculation for spacing 55, known
in the art, is based on criteria for the maximum allowable
parasitic capacitance and dielectric constant for the tiling
materials.

In a next step, step 32, the method calculates an allowable
lateral spacing. Lateral spacing is shown as 56 in FIG. 1 and
represents the minimum spacing, in the transistor layer,
between a transistor and an adjacent metal tile. Lateral
spacing 56 is based on the calculation for metal spacing 55.
Lateral spacing 56 is the component of metal spacing 55 in
a single plane. Configuring metal spacing 55 as a vector
having a vertical and lateral component, lateral spacing 56
represents the lateral component.

Following this, in step 33 the process positions dummy
tiles 18 that are not to be placed over a critically matched
device 11. It is noted that step 31 places dummy tiles 18 that
do not overlie a critically matched device 11. The position-
ing of dummy tiles 18 follows the minimum lateral and
metal spacings previously calculated.

Having placed the dummy tiles, the process tests whether
density requirements are now satisfied, step 34. In particular,
this density test is performed in those areas around a
critically matched device. Density testing includes those
processes known in the art whereby sequential areas of a
chip are tested for minimum metal density. The testing
progresses until a desired overall area of the chip has been
evaluated. Thus, in an automated process density is evalu-
ated incrementally, at various areas, not globally. A typical
evaluation involves density testing in a 50 by 50 micron
block. Other areas than 50 by 50 may be used. If a block
passes the density test, the process moves on to the next
block. The test for density may also involve pass/fail param-
eters, e.g., a metal density factor above 20% and below 80%.
Other evaluation criteria may also be followed. If the density
requirements are satisfied, the process is completed, step 35.

However, if the density requirements are not satisfied, the
process includes an additional step 37. This step is the
placement of metal strips 29 over the critically matched
device 11. Placement of a metal strip 29 over a critically
matched 11 device includes placement of the metal strip 29
such that the metal strip 29 substantially overlies the area of
symmetry 28 between each twinned component of a criti-
cally matched device 11. Taking as an example the transis-
tors of FIG. 1, a critically matched transistor typically
includes a twinned pair of structures, such as gates. The
region between the gates, a region that includes the source
region, is the area of symmetry. In the process, at step 37,
metal strips 29 are positioned so as to appear in each layer
above the critically matched device.

In a preferred embodiment, metal strips 29 are placed over
each critically matched device where there is a failure of a
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density test. Metal strips 29 preferably are not placed over
critically matched devices where there is no failure of a
density test.

It is also noted that a critically matched device may
include more than one area of symmetry. Again considering
the case of a transistor, transistors of the type included in an
integrated circuit may include multiple fingers. A single
transistor device may be broken into multiple sources and
drains. In this kind of configuration each source/drain pair is
joined by an area of symmetry.

Thus, referring again to FIG. 1 critically matched device
11, shown as a pair of matched transistors, includes first gate
23 and second gate 24. Positioned therebetween is shared
source 25. Referring now to FIG. 2, a similar device is
shown from a top view perspective. In FIG. 2 the area of
symmetry 24 is illustrated as that region lying coextensive
with source 21 and drain 22.

It is also possible to apply the tiling method to transistors
having a multifingered structure. A multifingered structure
includes multiple matched areas, such as a multigated
device. A multifingered transistor may be a single transistor
broken into multiple fingers. In such an embodiment, the
method calls for positioning a metal strip 29 at each area of
symmetry between each transistor finger. Thus, referring
again to FIG. 1, the structure of FIG. 1 may be a partial
illustration of a larger transistor. Where multiple finger
structures exist, with an area of symmetry associated with
each finger, a metal strip 29 is placed over each area of
symmetry at each gate.

In a preferred embodiment, the method of placing dummy
tiles is also a computer automated process. Thus the steps,
for example shown in FIG. 3 are placed into a suitable
programming language such as the CAD program
CADENCE. Other suitable programs may also be used. In
this embodiment, a system may be configured so as to
implement the process of FIG. 3. A system capable of
carrying out the tiling method, according to an embodiment
of the invention includes a memory, processor, input, and
output. The system further includes a program that embodies
the steps of the method in FIG. 3. Further the system
includes electronic data to represent an integrated circuit
design.

In one embodiment, there is provided a method for
placing tiles in an integrated circuit having critically
matched devices, the method includes the steps of: identi-
fying critically matched devices in the integrated circuit;
calculating a metal spacing for tiles in the integrated circuit;
calculating a lateral spacing for tiles in the integrated circuit;
placing tiles around the critically matched devices based on
the metal spacing and the lateral spacing; performing a
density test over each critically matched device; and if a
density test is not satisfied over a critically matched device,
placing at least one metal strip over a critically matched
device.

In a further embodiment of the above method the inte-
grated circuit has more than one layer and the step of placing
at least one metal strip further includes placing a metal strip
in each layer of the integrated circuit above the critically
matched device.

In a further embodiment of the method the step of placing
at least one metal strip further comprises placing at least one
metal strip over a transistor.

In a further embodiment the method further comprises
placing at least one metal strip over a transistor such that the
metal strip substantially overlies an area of symmetry of the
transistor.
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In a further embodiment of the method the metal strip is
substantially the same length as the transistor gate.

In a further embodiment of the method the metal strip is
substantially the same width as the transistor gate.

In a further embodiment the method further comprises the
step of placing a metal strip over a transistor having a first
gate and a second gate such that the metal strip is substan-
tially symmetrically positioned with respect to the first gate
and the second gate.

In a further embodiment of the method the step of
performing a density test over each critically matched device
further comprises measuring metallic density in sequential
areas of the integrated circuit.

In a further embodiment the method further comprises
comparing metallic density in an area of the integrated
circuit to a minimum and a maximum.

In another embodiment of the invention there is provided
an integrated circuit comprising: at least one critically
matched device having an area of symmetry; and at least one
metal strip placed over a critically matched device so as to
substantially overlie the area of symmetry.

In a further embodiment of the integrated circuit the
critically matched device comprises a transistor.

In a further embodiment of the integrated circuit the
transistor comprises a first gate, a second gate, and a
common source disposed therebetween wherein the metal
strip is placed so as to substantially overlie the common
source.

In a further embodiment of the integrated circuit the metal
strip is substantially the same length and width as the
common source.

In a further embodiment of the integrated circuit the metal
strip is placed so as to be substantially symmetric with
respect to the first gate and the second gate.

In a further embodiment of the integrated circuit the
critically matched device comprises a plurality of areas of
symmetry and wherein a metal strip is placed over each such
area of symmetry.

In a further embodiment of the integrated circuit the
integrated circuit comprises more than one layer and further
comprises a metal strip placed at each layer above the
critically matched device.

In still another embodiment of the invention there is
provided a system for automatically placing tiles in an
integrated circuit having critically matched devices, the
system comprising: means for inputting data to the system;
means for outputting data from the system; a memory; and
a processor linked to the means for inputting, means for
outputting, and memory, and wherein the processor is con-
figured so as to identify critically matched devices; calculate
a metal spacing for tiles in the integrated circuit; calculate a
lateral spacing for tiles in the integrated circuit; place tiles
around the critically matched devices; determine whether a
density test is satisfied over each critically matched device;
and if a density test is not satisfied, place at least one metal
strip over a critically matched device that does not satisfy the
density test.

In a further embodiment the system further comprises a
processor configured so as to place a metal strip in each layer
over a critically matched device if a density test is not
satisfied.

In a further embodiment the system further comprises a
processor configured so as to identify critically matched
transistors; place tiles around the critically matched transis-
tor; determine whether a density test is satisfied over each
critically matched transistor; and if a density test is not
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satisfied, place at least one metal strip over a critically
matched transistor that does not satisfy the density test.

In a further embodiment of the system the processor is
configured so as to place at least one metal strip over an area
of symmetry of a critically matched transistor.

While at least one exemplary embodiment has been
presented in the foregoing detailed description of the inven-
tion, it should be appreciated that a vast number of variations
exist. For example metals other than copper may be used as
the metal. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only examples,
and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the
foregoing detailed description will provide those skilled in
the art with a convenient road map for implementing an
exemplary embodiment of the invention, it being understood
that various changes may be made in the function and
arrangement of elements described in an exemplary embodi-
ment without departing from the scope of the invention as
set forth in the appended claims.

What is claimed is:

1. A method for placing tiles in an integrated circuit
having critically matched devices, the method comprising
the steps of:

identifying critically matched devices in the integrated
circuit;

calculating a metal spacing for tiles in the integrated
circuit;

calculating a lateral spacing for tiles in the integrated
circuit;

placing tiles around the critically matched devices based
on the metal spacing and the lateral spacing;

performing a density test over each critically matched
device; and
if a density test is not satisfied over a critically matched
device, placing at least one metal strip over a transistor;

wherein the transistor includes a gate and wherein the
metal strip is substantially the same length as the
transistor gate.

2. The method according to claim 1, wherein the inte-
grated circuit has more than one layer and wherein the step
of placing at least one metal strip further comprises placing
a metal strip in each layer of the integrated circuit above the
critically matched device.

3. The method according to claim 1, wherein the transistor
includes an area of symmetry and the method further com-
prising placing at least one metal strip over a transistor such
that the metal strip substantially overlies an area of symme-
try of the transistor.
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4. The method according to claim 1, wherein the step of
performing a density test over each critically matched device
further comprises measuring metallic density in sequential
areas of the integrated circuit.

5. The method according to claim 4 further comprising
comparing metallic density in an area of the integrated
circuit to a minimum and a maximum.

6. A method for placing tiles in an integrated circuit
having critically matched devices, the method comprising
the steps of:

identifying critically matched devices in the integrated

circuit;

calculating a metal spacing for tiles in the integrated

circuit;

calculating a lateral spacing for tiles in the integrated

circuit;
placing tiles around the critically matched devices based
on the metal spacing and the lateral spacing;

performing a density test over each critically matched
device; and if a density test is not satisfied over a
critically matched device, placing at least one metal
strip over a transistor;

wherein the transistor includes a source or drain and

wherein the metal strip is substantially the same width
as the transistor source or drain.

7. A method for placing tiles in an integrated circuit
having critically matched devices, the method comprising
the steps of:

identifying critically matched devices in the integrated

circuit;

calculating a metal spacing for tiles in the integrated

circuit;

calculating a lateral spacing for tiles in the integrated

circuit;

placing tiles around the critically matched devices based

on the metal spacing and the lateral spacing;
performing a density test over each critically matched
device; and

if a density test is not satisfied over a critically matched

device, placing a metal strip over a transistor having a
first gate and a second gate such that the metal strip is
substantially symmetrically positioned with respect to
the first gate and the second gate.



